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Abstract. This article focuses on the transformation path of financial in-
formatization in power enterprises driven by big data. In response to the prob-
lems of inefficient data processing, single analysis, and lagging risk response in
traditional financial models under the intensification of digitalization in the en-
ergy industry and competition in the power market, a multi-level financial data
management system including data source layer, storage layer, processing layer,
etc. is proposed to be constructed. The system integrates ETL, Hadoop, Canopy
Ant Colony K-Means and other technologies to achieve full process intelligence
of financial data. It has been verified through a provincial power enterprise in-
stance and has achieved significant results in material settlement efficiency and
cost accounting accuracy, providing support for power enterprises to break
through financial bottlenecks and achieve financial and business collaboration.
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1 Introduction

With the deepening of the power system reform and the large-scale integration of new
energy into the grid, power enterprises are facing an increasingly complex operating
environment: traditional financial systems are unable to meet the real-time needs of
cross regional transaction settlement, cost control lags behind, leading to frequent
deviations in the determination of transmission and distribution electricity prices, and
the massive amount of smart meter data is disconnected from financial accounting,
resulting in asset utilization rates lower than industry benchmarks by more than 15%.
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On the other hand, a certain branch of State Grid Corporation of China has built a
financial big data platform to achieve automatic auditing of business and financial
data, shortening the reporting cycle from 10 days to real-time generation, improving
the efficiency of fund scheduling by 40%, and increasing the accuracy of bad debt
prediction to 95%. This comparison highlights that the transformation of financial
informatization is not only a technological upgrade, but also an inevitable choice to
solve industry pain points and reshape core competitiveness!'l,

In this context, big data technology, with its massive data integration, distributed
processing, and deep mining capabilities, has become the core driving force for pro-
moting the financial informatization transformation of power enterprises. By building
a multi-level financial data management system that integrates ETL, Hadoop, intelli-
gent clustering and other technologies, the full process intelligence of financial data
collection, storage and analysis can be achieved. This not only improves data pro-
cessing efficiency and cost accounting accuracy, but also provides data support for
budget control, risk identification and strategic decision-making, helping power en-
terprises break through financial management bottlenecks and achieve deep synergy
between financial digitization and business development?,

2 Overall Architecture of Financial Data Management System
for Power Enterprises based on Big Data

The overall architecture of big data is divided into three layers: data storage, data
processing, and data analysis. Among them, the data storage layer solves complex and
massive data types, the data processing layer solves fast and timely requirements, and
the data analysis layer solves value through data analysis and mining. The three layers
work together to ultimately generate value from big data. A financial data manage-
ment system framework for power big data enterprises is constructed from the aspects
of data source layer, data storage layer, data processing layer, and data analysis, tar-
geting multi-source heterogeneous big data from the four data centers of State Grid
Corporation of China and external data sources. In the entire technical framework, the
financial data management system has upgraded from traditional financial data analy-
sis to full data processing and high-performance interactive analysis through NoSQL
based big data storage management, Hadoop based financial big data preprocessing,
and big data based financial big data analysis algorithms, ultimately forming a parallel
analysis service system for the financial data management system(l.

The data source layer mainly describes the data sources of financial big data for
power enterprises, with a focus on two parts: (1) structured, semi-structured, unstruc-
tured data and financial information data from the four major data centers of State
Grid Corporation of China; (2) Internet, social networking, mobile and other external
datal®.

The data storage layer mainly describes data storage methods, data storage formats,
and data parallelization storage structures. Adopting NoSQL based massive data
storage technology, the data is distributed and stored. The data processing layer
mainly constructs a parallel analysis service system for power big data through the
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Map Reduce computing framework. Based on the Hadoop distributed processing
platform, the data is processed using this platform.

The data analysis layer is based on clustering algorithms and is divided into two
stages. It uses the Canopy algorithm and the K-Means algorithm based on ant colony
and Map Reduce combined methods to perform big data analysis on the processed
data, and uses the analysis results to make some predictions about user behaviort.,

The data visualization layer utilizes big data application software to visualize the
obtained data in the form of charts, network diagrams, etc., to assist in analyzing big
data from multiple perspectives, facilitating understanding and analysis.

3 Data Analysis Algorithms

ETL technology plays a core role in building a comprehensive management system
for material settlement in power enterprises based on big data analysis technology. By
setting scheduled tasks or responding to specific events, the system automatically
extracts material settlement related data from various business systems. During this
process, ETL ensures precise data extraction, followed by detailed cleaning to elimi-
nate errors and redundant information, and then format conversion of the data to meet
analysis requirements. A strict verification mechanism is applied to the converted data
to ensure its accuracy and consistency®!.

The core of material settlement analysis based on the concept of big data is to iden-
tify and overcome the limitations of the current financial reporting system, aiming to
build a set of material settlement analysis indicators that meet the needs of modern
economyl® Big data analysis not only focuses on the full supervision of financial
management, but also emphasizes the in-depth analysis of key decision-making in-
formation such as cost structure, budget management, risk assessment, and investment
return rate of enterprises through financial indicators, providing strong support for
strategic decision-making of enterprises. At the level of management review, in-depth
research is conducted on the current financial management status of power enterpris-
es. By analyzing the potential problems and challenges in financial health, capital
operation efficiency, and profit statements, the changing needs of enterprises in finan-
cial management practice are revealed. In terms of technological integration and in-
novation, big data technology is organically combined with traditional databases and
business intelligence solutions, drawing on mature financial management models in
the industry to optimize and integrate existing systems, achieving comprehensive
capture, efficient storage, and intelligent analysis of financial data. In the process of
data processing and analysis, the material settlement analysis method for power en-
terprises guided by big data thinking applies efficient and accurate data sorting, clas-
sification, and clustering algorithms. For example, the MapReduce framework com-
bined with Canopy algorithm is used to preliminarily screen clustering centers, and
K-means clustering based on the pheromone concept of ant swarm algorithm is used
for deep analysis. This series of processes not only improves data processing speed,
but also effectively transforms data value into decision guiding information through
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deep mining of data features. The Hadoop based big data analysis is shown in Figure
1.
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Fig. 1. Big Data Analysis Based on Hadoop

A big data analysis architecture based on the Hadoop platform, in which the core
component MapReduce framework is widely used for statistical analysis tasks on
large-scale datasets. In a Hadoop cluster environment, calculating statistical measures
such as mean, standard deviation, and median has become a common requirement,
and these operations are crucial for understanding data distribution and evaluating
data quality. The mean, as the central measure of the dataset, is ingeniously decom-
posed in its calculation process within the MapReduce framework. In the Map phase,
each node independently processes its assigned data block, calculates the local mean ,
and outputs these local results and the total number of elements as intermediate key
value pairs. The Reduce stage is responsible for summarizing the outputs of all Map
tasks, by weighting and summing all local means, and then dividing by the total
number of elements to obtain the global mean. This process demonstrates the effi-
ciency of MapReduce in parallel processing large datasets. Even in the face of mas-
sive amounts of data, statistical results can be quickly obtained through distributed
computing, as shown in formula (1):

textMean=§Z£\il X1 @)

Among them, N is the total number of data points; Xi is the value of each data
point. In Hadoop, this may require a Reduce task to aggregate the total output of all
Map tasks and divide it by the total number of data points, as shown in formula (2):

textStandardDeviation= ’% >N, (Mean) 2)

The calculation of standard deviation is more complex, firstly, the mean needs to
be calculated. Then, calculate the square of the difference between each data point
and the mean. Finally, take the average of these squared differences and square them.
This usually needs to be done in multiple MapReduce jobs or processed in a complex
Reduce task: when using the Hadoop cluster analysis platform to process prepro-
cessed datasets, the Canopy clustering algorithm is first applied to the dataset. How-
ever, the actual collected data often contains isolated points and separation points,
which may be data points generated by anomalies or errors, and their effectiveness
evaluation becomes a key challenge. To solve this problem, wavelet denoising tech-
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nology is used to preprocess financial data to filter out noise interference; Using the
improved ISODATA algorithm for cluster analysis, aiming to more accurately divide
data groups; Using the nearest neighbor (KNN) algorithm for classification, identify-
ing and filtering suspicious bad data points through a voting mechanism. This process
effectively eliminates negative outliers and reduces their negative impact on the ac-
curacy of material settlement analysis, thereby improving the effectiveness and accu-
racy of material settlement analysis and prediction. The entire processing flow is im-
plemented through the Map/Reduce pattern, and the specific design includes building
a business analysis model, specifying the data inputs required for analysis, and divid-
ing the large dataset into multiple independent data blocks. These data blocks are then
assigned to different Mapper nodes for parallel processing, with each Mapper node
responsible for processing its assigned data block, executing a complete process in-
cluding wavelet denoising, ISODATA clustering, KNN classification, and suspicious
data selection. Figure 2 visually illustrates the specific execution process of the finan-
cial big data analysis algorithm based on the Hadoop platform.
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Fig. 2. Algorithm Flow
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4 Analysis of Examples and Results

To verify the actual effectiveness of the financial informationization transformation
path of power enterprises driven by big data, this section takes a provincial power
enterprise as the research object, selects its core indicators before and after the finan-
cial informationization transformation from 2022 to 2023 for comparative analysis,
and focuses on verifying the improvement effect of the financial data management
system on material settlement efficiency, cost control accuracy, and data processing
capability. At the same time, a traditional financial system group is set as a control to
form a data-driven effectiveness demonstration.

The experiment selected four core indicators, namely "material settlement effi-
ciency", "cost accounting accuracy", "data processing time", and "cost anomaly
recognition rate", to compare the operational data of the enterprise in 2022 (traditional
financial system) and 2023 (big data financial data management system). At the same
time, the same period data of non transformed enterprises in the same industry (con-
trol enterprise) in 2023 was introduced as a reference. The specific results are shown
in Table 1.

Table 1. Comparison of Core Indicators Before and After Financial Informatization Transfor-

mation
Traditional Big Data Finan- . The extent of
. . Comparison of .
financial sys- cial Data Man- . improvement
o Enterprises
indicator type tem agement System after the trans-
(2023, not yet .
(In 2022, our (In 2023, our formation of our
transformed) .
company) company) enterprise
Average material
settlement cycle 15.2 4.8 14.5 68.4%
(days/transaction)
Cost accounting error
32 0.8 3.0 75.0%
rate (%)
Monthly financial
data processing time 48.5 52 45.8 89.3%
(hours)
Cost anomaly recog-
62.3 94.5 58.7 51.7%

nition rate (%)

According to Table 1, the financial informatization level of the enterprise has sig-
nificantly improved after transformation: the average material settlement cycle has
been shortened from 15.2 days to 4.8 days, an increase of 68.4%, mainly due to the
automatic extraction, cleaning, and conversion of material settlement data by ETL
technology, reducing manual intervention; The cost accounting error rate has de-
creased from 3.2% to 0.8%, a decrease of 75%, attributed to the parallel data pro-
cessing of the Hadoop platform and the improved clustering analysis of the
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ISODATA algorithm, which reduces data noise interference; The monthly financial
data processing time has been reduced from 48.5 hours to 5.2 hours, an increase of
89.3%, reflecting the distributed computing advantage of MapReduce framework for
massive data; The cost anomaly recognition rate has increased from 62.3% to 94.5%,
an increase of 51.7%, thanks to the Canopy Ant Colony K-Means algorithm's deep
mining of cost data features, which can quickly identify issues such as abnormal fluc-
tuations in raw material prices and inventory backlog. In addition, compared with the
non transformed control enterprises, our company's various indicators in 2023 were
significantly better than the former, further verifying the feasibility and effectiveness
of the big data-driven financial informationization transformation path.

5 Summary

This article focuses on the transformation of financial informationization in power
enterprises driven by big data. Firstly, a multi-level financial data management system
including data source layer, storage layer, etc. is constructed, and NoSQL, Hadoop
and other technologies are integrated to achieve full process data processing; Further
elaborate on the application of ETL, MapReduce and other algorithms in data extrac-
tion and analysis, and address issues such as data noise; Finally, taking a provincial
power enterprise as an example, comparing the data before and after transformation
with that of non transformed enterprises, it is shown that there is a significant im-
provement in settlement efficiency, accounting accuracy, and other indicators. Re-
search has confirmed the feasibility of this transformation path, providing practical
reference for the digitalization of finance and business collaboration in power enter-
prises.Based on the practice of big data-driven financial informationization transfor-
mation in power enterprises, future research can further explore the dynamic fusion
mechanism of multi-source heterogeneous financial data based on real-time data
streams, and construct an intelligent financial analysis model that covers risk warning,
cost optimization, and decision support. At the same time, we should promote the
standardized construction of the integrated platform for business finance data, explore
the application of blockchain technology in financial data traceability and security
auditing, and continuously optimize the path and efficiency evaluation standards of
financial digital transformation in power enterprises by building a cross industry
benchmarking system, providing a replicable implementation paradigm for industry
level financial intelligence.
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